Tg3-GFP mice instead of Tg3-TeTX mice during the breeding procedure. Tail DNA from all offsprings was genotyped by PCR to detect the presence of each transgene separately.
PCR primers used are follows; For Tg1, 5'-AAATGGTTTCCCGCAGAACC-3' and 5'-CTAAGTGCCTTCTCTACACC-3'. For Tg2, 5'-CGCTGTGGGGCATTTTACTTTAG-3' and 5'-GGGTCCATGGTGATACAAGG-3'. For Tg3-TeTX and Tg3-GFP, 5'-GTGGCGGATCTTGAAGTTCACC-3' and 5'-GACCCTGAAGTTCATCTGCACC-3'.
The same PCR conditions (94°C for 2 min.; 94°C for 5 sec., 58°C for 1 min., 72°C for 1 min. x35 cycles; 72°C for 7 min.) were used for all primer pairs. For the genotyping of homozygous transgenic mice, a quantitative PCR was performed on tail DNA to determine the transgene copy number using probe-primer sets specific for the transgene (Tg1 or Tg3-TeTX) and SOD1 gene locus as internal control. PCR primers used were 5'-GCCGCGCGAGATATGG-3' and 5'-GCCACCAGCTTGCATGATC-3' for Tg1; 5'-CTGCTGCCCGACAACCA-3' and 5'-TGTGATCGCGCTTCTCGTT-3' for Tg3-TeTX; 5'-TTTTTTTGCGCGGTCCTTT-3' and 5'-ACCAGAGAGAGCAAGACGAGAAG-3' for SOD1. Probes used were 5'-CCAGCCAGCTATCAACTCGCGCC-3' for Tg1; 5'-CCCAGTCCGCCCTGAGCAAAGAC-3' for Tg3-TeTX; 5'-CTGCGGCGCCTTCCGTCC-3' for SOD1. All procedures relating to animal care and treatment conformed to the Institutional and NIH guidelines.
Doxycycline (Dox) treatment
The minimum Dox concentration required to repress gene expression was determined by supplying drinking water with a varying dose of Dox to Tg1xTg2xTg3-GFP mice as well as to CA3-TeTX mice starting with the conception and ending in adulthood. Ten μg/ml Dox (Sigma) supplemented with 1% sucrose (Sigma) was sufficient to repress GFP expression in Tg1xTg2xTg3-GFP mice as assessed by GFP antibody and TeTX expression in CA3-TeTX mice as assessed by VAMP2 antibody. When food containing 10 mg Dox per kg (Bioserve) was used, similar results were obtained with respect to GFP or TeTX expression. Therefore, we used Dox water (10 μg/ml) during the pregnancy and fostering periods and Dox food (10 mg/kg) after weaning to adulthood to keep TeTX in the repressed state. For a constitutive de-repression, the animals were kept on Dox-free water and Dox-free diet throughout their life.
Immunohistology
Mice were transcardially perfused with 4% paraformaldehyde (PFA) in 0.1 M sodium phosphate buffer (PB) and post-fixed by the same fixative overnight. For GFP and Netrin-G1 staining, the brains were further processed in 30% sucrose, embedded in OCT compound (SAKURA), and then frozen on the dry ice. Brain sections (50 μm thick) were prepared on a cryostat and collected in phosphate buffered saline (PBS). Free floating sections were first treated with 3% H 2 O 2 in PBS for 10 minutes, followed by a treatment with 3% normal goat serum in TNB (TSA System, PerkinElmer) for 30 minutes. The sections were then incubated at 4°C overnight with primary antibodies diluted in same blocking solution (rat anti-GFP, 1/500, Nacalai USA Inc.; rabbit anti-Netrin-G1, 1/4000, ref . 5) . After rinsing with TNT (100 mM Tris-HCl, 150 mM NaCl and 0.3 % Triton-X100), the sections were incubated with secondary antibodies (Alexa 488 conjugated anti-rat IgG, 1/200, Invitrogen; biotinylated anti-rabbit IgG, 1/500, Jackson ImmunoResearch) for 2 hours at room temperature, and then with streptavidin-biotin/horseradish peroxidase complex (ABC complex, Vector) for 30 min. Netrin-G1 immunoreactivity was visualized by 7-min treatment with Cy3-tyramide (PerkinElmer) at room temperature. After rinsing with TNT, the sections were incubated with PBS containing DAPI (Invitrogen) and mounted on a glass slide. For VAMP2 immunostaining, brains were post-fixed overnight as above and sections (50 μm thick)
were prepared by vibratome. Primary antibody used here was rabbit anti-VAMP2 (1/250, Synaptic Systems) and VAMP2 immunoreactivity was visualized with Alexa 568-conjugated anti-rabbit IgG (1/200, Invitrogen). For VGLUT1 staining, cryostat sections (50 μm thick) were incubated with primary antibody (guinea pig anti-VGLUT1, 1/1000, Chemicon) and then incubated with Alexa 488-conjugated anti-guinea pig IgG (1/200, Invitrogen). For GluR 1 staining, the sections were incubated with rabbit anti-GluR1
(1/40, Chemicon), then incubated with biotinylated anti-rabbit IgG, 1/500, Jackson ImmunoResearch). Signals were amplified with incubation with ABC complex (Vector), followed by visualization with fluorescein isothiocyanate (FITC) tyramide (PerkinElmer). For Tunel staining, the in situ cell death detection kit (Roche) was used following the manufacturer's instruction. As a positive control for DNA fragmentation, sections were treated with 10 units/ml DNase I (Promega) for 1 hour prior to Tunel staining. For the analysis of TA pathway projection, an anterograde tracer (Molecular Probes) was injected into medial entorhinal cortex. For this purpose, mice were deeply anesthetized with avertin and a 10% solution of biotinylated dextran amines (BDA-10,000) was injected at AP -3.60 mm and ML 4.70 mm from Bregma, and DV 1.70 mm to 2.40 mm from skull surface using a stereotaxic apparatus (0.3 µl per injection). Five days after the injection, brains were fixed with 4% PFA in PB for 24 hours, then 50 µm coronal sections were made on a cryostat in the manner previously described. BDA was detected with FITC-tyramide following ABC complex incubation. Images were taken with a SPOT camera (Nikon).
In vitro electrophysiology
The experiments were conducted with male mice between 15 and 27 weeks of age. All the experiments were performed by operators blind to the genotypes and Dox treatments.
Animals were euthanized by rapid cervical dislocation followed by decapitation. Their brains were quickly removed and immersed in ice-cold (4°C) artificial cerebral spinal fluid (ACSF) bubbled with a "carbogen" mixture of 95% O 2 , 5% CO 2 . The ionic composition of the ACSF was the same as in previous studies (6) , consisting of (in mM):
119 NaCl, 2. 11.0 D-glucose (Mallinckrodt Chemicals, Hazelwood, MO). Brains were cooled for a brief (~2 min) period in ice-cold ACSF and then moved to a dissecting dish lined with filter paper and filled with ice-cold ACSF. The brain was then divided into hemispheres with sagittal cut down the midline. For each animal, transverse hippocampal slices for electrophysiological recordings were prepared from one hemisphere (chosen pseudorandomly) while the remaining hemisphere was reserved for analysis of VAMP2 immunoreactivity. Hemispheres designated for immunohistology were placed in 4% PFA in PBS. In the hemisphere designated for electrophysiology, the hippocampus was dissected free and transverse slices (400 µm thickness) were cut on a manual tissue chopper (Stoelting, Wood Dale, IL). Hippocampal slices were then transfered onto a nylon mesh in an interface chamber used for recording (Fine Science Tools, Foster City, CA) where they were maintained at 28°C and perfused with oxygenated ACSF (~1 ml/min). Investigation of the kinetics of Dox control over the blockade of synaptic transmission was carried out in the intact hippocampal slice preparation (Fig. S2) . For all other experiments, clear isolation of the TA response required additional microdissection of the slices to remove the dentate gyrus and CA3 (7) . Slices were allowed to recover for at least 45 min before microdissection, and given a total incubation time of 2.5 hr before experiments commenced. Electrophysiological analysis of synaptic transmission at SC and TA inputs was carried out concurrently in each hippocampal slice. Two bipolar stimulating electrodes (CE2C55, FHC, Bowdoin, ME), one placed in striatum radiatum (Table S1 ). As this phenomenon may be missing in CA3-TeTX mice, we used additional stimulation intensities (up to 2.0 mV) in looking for evidence of CA1 output. We also examined the efficacy of a highfrequency stimulation protocol (1 s train of 100 Hz tetanus) that significantly lowers the threshold for generating CA1 pSpikes (8) and reliably elicited pSpikes in control animals (89.5%; n = 19, N = 6). At the conclusion of each experiment, area CA1 and general slice viability was confirmed by antidromically eliciting CA1 pSpikes (recorded in stratum pyramidale) with alvear stimulation (Table S1 ). The values on the graphs represent mean fEPSP slopes ± standard error of the mean. "N" represents number of animals; "n" indicates number of slices. Statistical analysis on input-output relations between treatment groups was carried out using two-way repeated-measures ANOVA (SPSS). Student's t test or ANOVA was used to compare mean fEPSP slopes elicited at the highest stimulation intensity if ANOVA analysis indicated a significant difference between groups (p < 0.05). Levene's test was done to determine equality of variances.
Morris water maze
The Morris water maze (MWM) task was conducted with male mice between 14 and 22 weeks of age, with minor modifications of the method described previously (9) . All the experiments were performed by operators who were blind to the genotypes of the mice used and their Dox treatments. In brief, the mice were kept in a temperature-controlled room on a constant 12-hour light/dark cycle. The multiple experiments were conducted at approximately the same time of the day. The mice were transported from the colony to a holding area where they sat undisturbed for 30 minutes prior to the experiment. The facility was in a rectangular dim-lit room (340cm x 297 cm) and consisted of a circular pool (160 cm diameter) filled with opaque water made with color paints (White 5130, Berghause; Peach 2906, Pearl Tempera) at 19 °C. Four large illuminated objects were hung as extramaze cues on each wall. A hidden circular platform (12 cm in diameter) was placed 1 cm below the water surface and the mice were trained to find the platform four trials per day for 10 days with an inter-trial interval of approximately 60 minutes. During training, the mice were released from four pseudorandomly assigned start locations (N, S, E, and W) and allowed to swim for 90 s. If a mouse did not find a platform within 90 s, it was manually guided to the platform and allowed to rest on the platform for 15 s. Probe trials were conducted on Day 6 and Day 11. The mice were released at the center of pool and were allowed to swim for 60 seconds in the absence of the platform. Data from the training session and probe trials were collected and analyzed with HVS Image Water 2020 software. An escape latency to the hidden platform was measured during training, and the quadrant occupancy as well as the number of crossing at the phantom platform location were measured during probe trials. These data were then averaged over mice of a particular genotype. Average position heat maps of water maze activity were created using Matlab (Mathworks Inc., Natick, MA). Position for each animal was broken down 
Contextual (CFC) and tone (TFC) fear conditioning
Fear conditioning was performed with male mice between 14 and 27 weeks of age in the animal facility during the light cycle with minor modifications of the method described previously (9) . All the experiments were performed by operators who were blind to the genotypes and Dox treatments. Mice were transported from the colony to a holding room adjacent to the behavioral suite containing the fear conditioning chambers where they sat cleaned prior to an introduction of an individual mouse into them with a quatricide and a solution of 1% acetic acid was placed beneath the chambers during the experiment to provide a dominant odor. Once placed in the chamber the mice were allowed to freely explore for 3 minutes, then received a single 1.25-mA footshock (2 s in duration) which co-terminated with a 30 seconds tone. Following the shock delivery, the mice remained in the chamber for 30 seconds, and then were returned to the home cages and transported back to the holding room. On Day 2, the mice were returned to the conditioning chambers under the conditions identical to those on Day 1 for a five minutes test. On Day 3, the mice were transferred to the second conditioning room adjacent to the first one.
This second room contained direct overhead fluorescent lighting and distinct chambers, measuring 30 x 25 x 21 cm, with plexiglass front and back walls, and aluminum side walls but with a flat roof. In addition, the floors of these chambers were made up with white plastic and the odor was provided with 0.25% benzaldehyde (in 100% ethanol).
These lighting, chamber materials and odor employed on Day 3 provided a context quite distinct from that on Day 1. The mice were placed in this chamber for 3 minutes during which freezing responses were measured. This response compared to the response to the conditioning chamber on Day 2 gives a measure of the context specificity of contextual conditioning. The mice were then given the same tone as the one given on Day 1, but this time for 2 minutes and freezing responses were monitored. For Fig. 3G and H, a single group of mice were subjected successively to two CFC experiments each in a distinct chamber and under a distinct Dox condition (on-off or on-off-on). Under the on-off condition, mice which underwent 3 weeks of Dox withdrawal followed by 1 week of Dox re-administration were conditioned using the same protocol as that described above for Day 1. A subset of the CA3-TeTX mice under this Dox condition were subjected to immunohistology and slice physiology. They exhibited reductions in the VAMP2-IR ( Fig. S7A and B ) and the SC-CA1 fEPSP max (Fig. 2C ) that were similar to those displayed by the CA3-TeTX mice which underwent 4 weeks of Dox withdrawal. The remaining mice were returned to the colony and received an additional 5 weeks of Dox diet (on-off-on condition). A subset of these mice were again sacrificed and subjected to immunohistology and slice physiology. The results showed restorations of VAMP2-IR and SC-CA1 fEPSP max (Fig. 2C) . The remaining mice were placed in a second chamber (similar to the Day 3 chamber described above, except that the white plastic floor over the stainless steel rods was removed to allow the delivery of a footshock) and were subjected to a second conditioning session using a protocol similar to that in the first conditioning session, except that the tone was omitted. Compared to the on-off experiment, in the on-off-on experiment, both genotypes demonstrated increased levels of preshock freezing. This is likely due to a generalization effect of freezing (10) 
Pre-exposure mediated contextual fear conditioning (PECFC)
This behavioral paradigm allows a test of pattern completion-based memory recall in CFC (11, 12) . PECFC was conducted with male mice between 14 to 22 weeks of age in the animal facility during the light cycle. All the experiments were performed by operators who were blind to the genotypes of the mice used and their Dox treatments.
The mice were transported from the colony to a holding room where they sat undisturbed for 30 minutes prior to the experiment. On Day 1, mice were brought into the conditioning chamber which is same as the one described in the previous section, and allowed to explore freely for 10 min, and then transported back to their home cages. On Day 2, the mice were transported individually to the conditioning chamber and received a single 1.25 mA footshock (2 s duration) 10 seconds after being placed in the chamber.
The mice remained in the chamber for a further 30 seconds, then were transported back to their home cages. On Day 3, contextual fear was assessed by placing the mice in the conditioning chamber for 5 minutes. For the Dox-on-off experiment shown in Fig. 3K , the mice were given pre-exposure sessions for 5 consecutive days, 10 minutes per day, and then Dox diet was replaced with the Dox-free diet. Four weeks later, the mice were transported individually to the conditioning chamber, and then received a single 1.25mA footshock (2 s duration) 10 seconds after being placed in the chamber. The mice remained in the chamber for a further 30 seconds, then were transported back to their home cages. On the next day, the mice were returned to the conditioning chambers for a five minutes test. During all these sessions, the animals' activity in the chamber was recorded using FreezeFrame software. Freezing behavior was assessed from the video image of the mouse using FreezeView software, with a minimum bout time of 1 second.
Freezing values were then averaged over mice of a particular genotype for each session.
In vivo recording
Male mice (CA3-TeTX mice (N=9) and littermate controls (N=9), 18-22 weeks of age)
were implanted with a microdrive array consisting of six independently adjustable tetrodes (targeted to CA1: stereotaxic coordinates from bregma: 1.6 mm lateral; 1.8 mm posterior) as previously described (13) . All experiments were conducted and analyzed by scientists blind to the genotypes of the animals. In the week following surgery the tetrodes were slowly lowered into CA1 as the mice were sitting quietly in a small high- At the conclusion of the experiment mice were given a lethal dose of anesthetic and a small electrical current (50μA) was run down each tetrode for 8 seconds to create a small lesion at the tip of the probe. Animals were then transcardially perfused with 4% PFA in PB and brains were removed. 50 μm coronal slices prepared using a Vibrotome, 
Statistical analysis
Results are given as mean ± S.E.M. Where appropriate, statistical analyses were performed with analysis of variance (ANOVA) test. Otherwise, comparisons between groups were conducted using Student's t test. The null hypothesis was rejected at the P<0.05 level.
Supporting Text The DICE-K Method
The DICE-K method employs three transgenic mouse lines, Tg1, Tg2 and Tg3-TeTX that are crossed to heterozygocity for each transgene (Fig. 1B) . In Tg1, the expression of Cre recombinase is driven by a transcriptional promoter with a tissue-or cell-type specificity.
In Tg2, expression of the tetracycline transactivator (tTA), a transcriptional factor, depends on Cre-loxP recombination as well as a second transcriptional promoter that also exhibits a tissue-or cell-type specificity which overlaps with, but is different from, the specificity of the Tg1 promoter. In a Tg1xTg2 double transgenic line, tTA expression will take place only in the tissue or cell type in which both promoters are active (Fig. S1 ). Immunofluorescence staining of coronal sections of a 12 week-old Tg1xTg2xTg3-GFP mouse (double promoter system) with antibodies specific for GFP (green) and DAPI (blue). GFP spreads from somas to axons and dendrites. 28.2% ± 4.9%; CT, 26.0% ± 6.9%; P > 0.05. Tables   Table S1 . Properties of CA1 pyramidal cells and interneurons recorded in vivo. Table S2 . In vitro electrophysiological characterization of specificity and reversibility of CA3-TeTX mice. Fig. 2 , A to C. Please refer to Table S2 for a summary of all statistics and sample sizes relating to in vitro electrophysiology. 20.3% ± 2.4%; P < 0.05 on Day 6; TA, 41.7% ± 4.6%; OP, 16.6% ± 2.9%; P < 0.01 on Day 11). Occupancies between target (TA) and opposite (OP) quadrants in CT were significantly different (TA, 33.4% ± 5.2%; OP, 19.6% ± 3.9%; P < 0.05 on Day 6; TA, 47.5% ± 5.2%; OP, 13.5% ± 2.9%; P < 0.01 on Day 11). were not significantly different between the two genotypes (TG, 43.56% ± 3.1%; CT, 41.0% ± 3.5%; P > 0.05). 
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